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Description

Background Of The Invention

This invention relates generally to a resin sen-
sor for water treatment, and more particularly to an
improved automatic control for the regeneration of
a water softener wherein the pressure of the resin
is sensed to determine when regeneration should
be effected.

As indicated in U.S. Patent 4,385,992 assigned
fo the assignee of this application, there are several
different approaches to the control of the regenera-
tion of water softener resin. An example of an
automatic sensing water softener control is found in
U.S. Patent 3,574,330 also assigned to the as-
signee of this application. These previously men-
tioned U.S. patents as well as U.S. Patenis
4,332,678 and 3,479,864 rely on measuring resin
expansion by means of swelling of the resin in a
chamber which will permit some type of resin ex-
pansion. In the one embodiment in U.S. patent
3,479,864 where a Bourdon tube is employed,
there is no consideration for eliminating differences
in water pressure from the resin pressure mea-
sured. In U.S. Patents 3,574,330 and 4,385,992 a
sampling cell is provided wherein the resin is al-
lowed to expand upon regeneration and to contract
upon depletion, and a plunger in the csll is permit-
ted to extend inwardly to sense the volume of the
resin.

In contrast, the sensor of this invention does
not sense the resin volume expansion but instead
confines the resin in a container from which the
resin pressure is measured by its force on the
container.

Summary Of The Invention

In accordance with the invention, there is pro-
vided an automatic sensor for a fluid treatment
device wherein a fluid treatment container is pro-
vided for receiving a fluid. A first quantity of resin
is contained in the container for contact with the
fluid for changing the condition of the fluid. A
second quantity of resin is in fluid communication
with the first quantity of resin. Receptacle means
confine the second quantity of resin in an enclosed
volume so that any attempted expansion in volume
of the resin is restrained in all directions. At the
same time the receptacle means are placed in a
fluid compartment for the fluid so fluid pressure is
free to act inside as well as outside the receptacle
means to self compensate for fluid pressure. A
sensor means is operatively associated with the
receptacle means to provide a further effect such
as a mechanical or electrical effect, varying in
accordance with the resin pressure acting on the
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internal receptacle means to effect a force caused
by a change of condition by the resin. When the
sensor is utilized to sense hard water in a softener
bed, the internal force caused by the resin pres-
sure upon the receptacle means will be altered by
the ion exchange resin changing to a reduced.
stress on the recepiacle means as the exposure fo
a sample of hard water is increased. When the
sensor is employed to sense the rinse water, the
force upon the receptacle means will be altered by
the resin changing from a low stress on the recep-
tacle means when in equilibrium with high con-
centrations of brine such as containing sodium
chloride to a high siress condition when fully
rinsed. In one embodiment, the pressure sensor
means is defined by a strain gauge which is con-
nected to the receptacle means which is in the
form of a container composed of screened walls. In
another embodiment, the pressure sensor means
and the receptacle means are embodied in a mul-
tiapertured Bourdon tube which will allow liquid to
pass into the Bourdon tube, for contact with the
resin, as well as out of it. The strain gauge or the
Bourdon tube can be connected to circuit means
which s interconnected to means to trigger an
output for regenerating the ion exchange resin in
the fluid treatment container when the pressure
sensor registers a predetermined state of condition
of the fluid. t he Bourdon tube can have a lever
arm connected thereto as a signal indication means
of movement of the Bourdon tube. in one instance
it can control an electrical switch or the lever arm
can be employed to mechanically or hydraulically
initiate a regeneration cycle. In one embodiment
the pressure sensor is located outside of the fluid
freatment container and connected thersto by a
sampling liquid carrying conduit. In another em-
bodiment the liquid carrying conduit is in commu-
nication with the receptacle means by a valved
sampling tube. In still another embodiment, the
liquid carrying conduit is connected to valving
means which controls the rinse cycle and the pres-
sure sensor is mounted in fluid communication with
a drain conduit so as to sense the rinse water as
an indicator liquid.

It is an advantage of the present invention to
provide an improved apparatus for sensing when a
resin bed has been depleted so that proper regen-
eration of the sensor resin and the resin in the
main treatment bed is effected.

It is an additional advantage of this invention to
provide an improved apparatus for. sensing when
regeneration of the resin is complete as a water
saving feature.

It is another advantage of this invention to
provide an apparatus of the foregoing type wherein
a stronger and more stable resin can be employed
as the sensor resin.
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Still another advantage is an apparatus of the
foregoing type wherein the sensor apparatus is of a
simplified construction and will self compensate for
water pressure differentials.

Yet another advantage is a sensor device for a
water treating resin bed wherein piston or plunger
type components are obviated.

Still other advantages are an apparatus of the
foregoing type where the apparatus can be manu-
factured at a minimum of cost.

The foregoing and other advantages of the
invention will appear in the following detailed de-
scription. In the description, reference is made to
the accompanying drawings which illustrate the
preferred embodiments of the invention.

Brief Description Of The Drawings

Fig. 1 is a schematic view of a system for
regenerating a water softener including one em-
bodiment of the sensor of this invention;

Fig. 2 is a schematic view of an alternative
embodiment employing the sensor of this inven-
tion;

Fig. 3 is a view in side slevation and partially in
vertical section illustrating one of the sensors of
this invention;

Fig. 4 is a view in vertical section taken along
line 4-4 of Fig. 3;

Fig. 5 is a view in vertical section taken along
line 5-5 of Fig. 3;

Fig. 6 is a schematic view including a circuit
iliustrating the sensor of Fig. 3 interconnected to a
microprocessor for purposes of initiating regenera-
tion of a water softener;

Fig. 7 is a view in vertical section of an alter-
native embodiment of a sensor device;

Fig. 8 is a schematic view illustrating the sen-
sor device of Fig. 7 interconnected to a micropro-
cessor for purposes in intiating regeneration of a
water softener;

Fig. 9 is a view similar to Fig. 7 illustrating still
another embodiment of a sensor; Fig.9a is a view
in horizontal section taken along line 9a-9a of Fig.9.

Fig. 10 is a view similar to Fig. 7 showing yet
another embodiment of a sensor;

Fig. 11 is a view in vertical section taken along
line 11-11 of Fig. 10;

Fig. 12 is a view similar to Fig. 1 illustrating yet
another embodiment of a sensor; and

Fig. 13 is a view similar to Fig. 1 showing stil
another embodiment of a sensor.

Detailed Description g The Embodiments

Referring to Fig. 1, the sensor generally 10 is
employed in conjuction with existing water softener
apparatus having components of the type illus-
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trated and described in the aforementioned U.S.
Patent 3,574,330. The apparatus includes a soften-
ing tank 11 which contains a bed 12 of ion ex-
change resin. An outlet tube 13 extends through
the bed 12 from a point adjacent the bottom of the
bed. An inlet pipe 14 extends into the softener tank
11 and has its discharge opening above the level
of the bed 12. Raw water is delivered through an
inlet line 14 and treated water is delivered through
a service line 27. The inlet line 15 and service line
27 may be connected through a normally closed
valve 16. A second service valve 17 is normally
open and is interposed between the outlet tube 13
and the service line 27. A drain line 18 containing a
normally closed drain valve 19 also extends from
the outlet tube 13.

Raw water can be delivered to the inlet pipe 14
through a service inlet valve 20. Alternatively, the
raw water entering the inlet line 15 can pass
through a brine injector 21 to draw brine from a
brine tank 22 when a brine inlet valve 23 is open
and when the service inlet valve 20 is closed, drain
valve 19 is open and service valve 17 is closed.
The withdrawn brine will be delivered to the inlet
pipe 14 of the softener. The inlet pipe 14 is also
connectable to a drain through a second normally
closed drain valve 24.

During service operation, the drain valves 19
and 24, the first service valve 16 and the brine inlet
valve 23 would all be closed while the second
service valve 17 and the service inlet valve 20
would both be open.

Raw water will then flow from the inlet line 15
through the inlet pipe 14 onto the top of the resin
bed 12. The water will pass through the bed 12
and treated water will be withdrawn from the bot-
tom of the bed 12 through the outlet tube 13 to the
service line 27.

Regeneration

The bed 12 will eventually become exhausted.
In the typical softening process this means that the
resin bed 12 has changed from a sodium to a
calcium, magnesium condition. To regenerate the
bed 12, a control will first close the service inlet
valve 20 and open the first service valve 16 and
the second drain valve 24. Raw water from the inlet
line 15 can then be fed through the outlet tube 13
to backwash the resin 12 with the backwash water
exiting through the inlet pipe 14 to drain through
the now open second drain valve 24. Water is
continued to be supplied to the service line 27 at
this time even though it is not being treated.

The backwash is followed by a brining and
rinse. For this operation the second service valve
17 and the second drain valve 24 would be closed
while the brine inlet valve 23 and the first drain
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valve 19 are opened. Raw water would then be
forced through the injector 21 and brine would be
drawn from the brine tank 22 through a brine line
26, an air check valve 25 and the open brine valve
23 and would be discharged into the tank through
the inlet pipe 14. The brine will pass through the
resin bed 12 and will exit to drain through the outlet
tube 13 and the now open first drain valve 19.
When the contents of the brine tank 22 has been
exhausted, the air check valve 25 will close fo
prevent air from being injected into the system,
and water will continue to flow through the injector
21 free of brine. This water will function to rinse the
bed 12 to remove excess brine. Untreated water
will be supplied to the service line 27 during this
state of operation through the open valve 16.

During the next stage of operation the brine
tank 22 is refilled and the softener bed 12 is
purged. This is accomplished by opening the ser-
vice inlet valve 20 and the second setvice valve 17.
Raw water can then enter the brine tank 22 through
the open brine valve 23 and can enter the tank 11
through the inlet pipe 14. Water passing through
the bed 12 will exit through the drain 19.

The apparatus is returned to a service con-
dition by closing the first service valve 16, the first
drain valve 19 and the brine inlet valve 23.

Referring to Fig. 2, the sensor 10 is employed
in conjunction with the drain line 18 and in this
instance will sense the rinse water in the rinse
cycle. The numbers referred to in Fig. 2 represent
the same components as previously explained in
conjunction with the Fig. 1 representation. The
valves here are merely indicated in a multi- way
valve unit 44 such as manufactured by Autotrol
Corporation, Glendale, Wisconsin under part No.
24N. A further explanation of the sensor 10 as
employed in connection with the rinse cycle is set
forth in the Operation section to follow.

The control of the initiation of the regeneration
cycle is accomplished by the use of the sensor
generally 10 of this invention. Referring specifically
to Fig. 3, the sensor 10 includes a sensor housing
30 having the chambers 31 and 29 separated by a
partition 33 with a passage 34 therethrough. A cage
member 28 is mounted to the partition 33 in axial
alignment with passage 34. It has the spaced ribs
41 with the slots 88 therebetween. The slots 88 are
covered with screening 42 to enclose a sample of
the ion exchange resin that will put the cage ribs
41 under a high stress condition when in one ionic
form (such as Na+ for a softener application) and
a low stress condition in another ionic form (such
as Ca+ + and/or Mg+ + for the same application).
The resin is placed in the cage member 28 in a
compacted manner. The cage is preferably cylin-
drical in configuration as seen in Fig. 4 and con-
tains screening 42 at the end of the cage so that
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sampling water is free to flow info and out of the
cage. It will be appreciated that the screening ma-
terial 42 at the end of the cage 28 will be retained
in a cap 43 so that the resin can be placed inside
the cage. Secured to one of the ribs 41 is a strain
gauge 37 which can be of the wire or foil type or
alternatively of the semiconductor type. In the in-
stance of the wire type it will have the usual two
lead wires 38 and 39 connected thereto. Referring
to Fig. 5, it will be seen that the cell resin 45 is
confined in the cage 28. One method of assembly
of the sensor is to have the resin in an ionic form
that resuits in a relatively small volume equal to or
less than the container volume. For cation resins
one such condition would be the resin in equilib-
rium with NaCl brine. Another method would be to
load the resin in the sensor in the dry or semi dry
condition. It is surrounded by the screening 42
which in turn is supported by the ribs 41.. In order
to effect the highest siressed condition for the
sensor resin after placement in the cage 28, it is
rinsed with soff water such as from softening tank
11. The sensor resin can also be in a brine state or
semi dry state and after placement in cage 28
rinsed with soft water. The placement of the sensor
resin in the cage is done at the factory. However,
the conditioning of the resin can be effected at the
factory or in the field of service.

As best seen in Fig. 6, the strain gauge 37 is
interconnected in a Wheatstone bridge arrange-
ment with resistors 48, 49 and 50. An input voltage
V of a +5 volts is indicated as well as a negative
voltage component-V. The contacts 44 and 45 are
interconnected to a differential amplifier 53 by the
lines 51 and 52. If desired, and in order to com-
pensate for sudden changes in temperature (such
as a surge of cold water) a second strain gauge 92
could be connected to an unstressed piece of the
same type of material that composes cage 28. The
gauge 92 and the material it is mounted to would
be positioned in such a manner so as to exper-
ience fluid temperature changes in the chamber 31
thus compensating the bridge output for tempera-
ture changes. The bridge output will represent a
change in the strain gauge due to a change in the
stress on cage 28 from changes in ionic form of
the ion exchange resin inside the cage. (See Fig.
3) In this instance, the strain gauge 92 would have
the lead wires 94 and 95 connected through insula-
tor 96. It would be represented by resistance Ry or
50 in the Wheatstone bridge. The differential am-
plifier 53 is in turn interconnected with the com-
parator 54 by the line 55 which in turn is connected
to the voltage reference 58. A microprocessor 56 is
connected to the comparator by the line 57 and in
turn to a drive motor mechanism 59 and the sensor
valve 40. The microprocessor 56 will also be ap-
propriately interconnected through the drive motor
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mechanism 59 to start a regeneration function in
conjunction with the valving such as that previously
described in Fig. 1 and particularly those para-
graphs immediately following the "Regeneration”
heading.

Referring to Fig. 7, there is shown an alter-
native sensor generally 60 wherein a Bourdon tube
78 is placed in the chamber 66 of housing 61. The
Bourdon tube 78 in this case contains a sample of
the ion exchange resin 45 such as described in
conjunction with the cage 28. The Bourdon tube 78
has an inlet screen section 62 as well as an outlet
screen section 63 so as to permit sampling water
entering inlet 32 to contact the resin inside the tube
78 as it flows from the inlet screen section 62 to
the outlet screen section 63. The outlet screen
section 63 is in fluid communication with the outlet
passage 64 having the orifice 65, with the outlet
passage 64 in communication with the outlet 36.
the purpose of the orifice 63 is to create a back
pressure so as to nearly equalize the pressure of
the water flowing through the tube 78 with the
pressure of the water surrounding the tube. A lever
67 is pivotally attached to the Bourdon tube 78 by
the pivot 68. A seal member 69 is provided and is
retained in the housing 61 by the seal retainer 70
and the screws 71. A contact 72 is slidably posi-
tioned by the bracket 77 and the support arm 79. it
will have a spring 73 for biasing the contact 72 for
contact with the lever 67. The contact 74 is posi-
tioned for intermitient contact with the contact 72.
The usual electrical feed lines 75 and 76 are con-
nected tc the respective slidable contact 72 and
stationary contact 74. the engagement of the con-
tacts 72 and 74 is used to signal for a regeneration
cycle.

Fig. 8 represents the Bourdon tube in electrical
connection with a microprocessor 56 and the sen-
sor valve 40 as well as a drive motor mechanism
59. The contact 72 is shown in an open circuit
position with stop 91. To complete the circuit, slida-
ble contact 72 will move o engage contact 74 and
ground wire 76.

Referring to Figs. 9, 10 and 11 alternative
embodiments of sensors are shown generally at 80
and 90. Similar numbers indicate similar compo-
nents as previously described in conjunction with
embodiment 60. The major differences in the Bour-
don tube 82 in embodiment 80 are that the end of
the tube is closed in a solid section 81 and the
tube 82 in this instance is slotted along the oppos-
ing side walls 88 and 99 such as shown at 84 so as
to allow liquid pressure in and out as the liquid
flows transversely through the resin from the inlet
32 to the ouilet 36 which is positioned with a
transverse axis with respect to the inlet 32. It will
be apparent that screening such as indicated at 42
could be substituted for the slotted arrangement. In
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the sensor generally 90, the Bourdon tube 83 hav-
ing a closed end 87 is also utilized. As best seen in
Fig. 11, the inlet 32 and the outlet 36 are axially
positioned with the tube 83 having the usual inter-
nal passageway 93 communicating with slotted
portions 84. The tube end 87 is secured to the
base 97. The tube 83 communicates with the U-
shaped and arcuate underlying passage 85 formed
therein. Radial passages 98 interconnect the pas-
sage 85 with the outlet 36. Another difference be-
tween embodiment 90 and embodiments 60 and 80
is in the use of a Hall effect switch as represented
by switch 100 which can be mounted on the out-
side of housing 61 and magnet 63 secured to an
end of the Bourdon tube 83.

A better understanding of the sensor devices of
this invention will be had by a description of the
Operation. .

Operation

Referring to Figs. 1, 3 and 6, the sensing of the
condition of resin 45 will be initiated by the micro-
processor 56 which will be programed to open the
sensor valve 40 at a selected time of the day and
preferably 2 a.m. At that time, the sensor valve 40
will be opened to allow sampling tube 32 which will
constitute the inlet into the sensor chamber 31. The
water will flow info the cage 28 whereupon it will
contact the resin 45 therein. This condition will
continue for about 20 minutes. If the water is hard,
indicating that the softening bed 12 has been ex-
hausted to the point of the sample tube 35, the cell
resin 45 will be partially o fully exhausted and will
therefore be in a different ionic state than when it is
freshly regenerated. The ionic states for softening
applications are Na* for regenerated and Ca, Mg
for exhausted. This different ionic state causes the
resin to reduce the stress on the ribs 41. This
lessening in force of the resin on the ribs will in
turn be sensed by the strain gauge 37, which in
turn will impart a voltage through the differential
amplifier 53 which will be different than that when
the resin is in the regenerated state. In the regener-
ated state, the resin's ionic conditions (rinsed Na*
Form), causes a relatively high force to be exerted
on the ribs 41. This will provide a base condition
against which a subsequent reduced pressure is
compared. This signal will be compared in a com-
parator 54 which will compare a signal for the base
condition with a reduced pressure condition. This
signal is in turn fed to the microprocessor 56
through line 57. (See Fig. 6) The microprocessor in
turn can send a signal to start the regeneration
cycle as earlier described in conjunction with the
Fig. 1 illustration. This would be effected such as
by appropriate signaiing of drive motor 48 as de-
scribed in U.S. patent 4,469,602 (which reference
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should be made) to drive suitable cams to actuate
the valves as described therein.

The operation of the sensors 60, 80 and 90
work on the same principal of sensing the degree
of hardness by resin pressure forces by the resin
in an enclosed area. In this instance the enclosed
area for the resin is the Bourdon tubes 78, 82 and
83 which will contain the resin. In the instance
where the cell resin 45 is exhausted and reduces
internal resin pressure, this in turn will cause the
Bourdon tubes 78, 82 and 83 fo assume a less
expansive state with respect to the distance be-
tween the portion having the lever 67 and pivot 68
or the magnet 63 and the fixed end as indicated by
the reference numeral 87. Concerning embodi-
ments 60 and 80, movement of the pivot point 68
foward the fixed end 87 as the resin is being
exhausted will in turn cause the lever arm 67 to
move in a counter clockwise position as viewed in
Figs. 7 and 9. In the instance of the embodiment
60 this will cause the lever 67 fo contact the
contact 72 compressing spring 73 and contacting
contact 72 with contact 74 thus completing a circuit
through lines 75 and 76 fo effect an electrical
signal so as to inifiate regeneration. Referring spe-
cifically to embodiment 90 the previously indicated
movement of the Bourdon tube 83 will also move
the magnet 63 toward or away from swiich 100 but
in a plane parallel thereto to control a circuit
through the lines 75 and 76 for the same purpose.
As indicated in Fig. 8 the contact 72 for use with
the lever arms 67 and the Bourdon itubes 78 and
82 are as shown in a circuit with the microproces-
sor 56 for initiating regeneration. A sensor valve 40
is also provided for initiating sensing as previously
indicated in conjunction with sensor 10. Upon sig-
nal for regeneration, drive motor mechanism 59 will
cause the multi- way valve 44 (see Fig. 2) to
regenerate the main treatment bed 12. The Hall
effect switch as represented by switch 100 and
magnet 63 would be employed in a similar manner.
It will be appreciated that although the lever arm 67
is shown in embodiment 60 for contact with an
electrical contact, this lever could be utilized with-
out the electrical contact to trip start a regeneration
cycle. This would be effected by engagement of a
segment gear in the gear train of a timing mecha-
nism which is described and illustrated in the afore-
said U.S. Patent 3,574,330 which reference should
be made.

Alternatively, the lever arm 67 could be utilized
to contact a hydraulic valve which could initiate a
regeneration cycle in a similar manner. The Bour-
don tubes 82 and 83 will function in a similar
manner as described for tube 78. The differences
with respect to The Bourdon tube 82 is in that this
tube is either slotied or screened in a lateral man-
ner throughout its entire length in contrast to the
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screened section of tube 78. With respect to Bour-
don tube 83 the difference between it and the
previous Bourdon tubes is in the axial alignment of
the inlet and the outlet of the sampling tubes and
the connection of the outlet tube 36 to outlet pas-
sages in a base portion 97. Bourdon tubes 82 and
83 offer the advantage over Bourdon tube 78 in
permitting faster contact of the resin with the sam-
pling liquid. :

The strain gauge 37 offers the advantage over
the Bourdon tube embodiments in having no mov-
ing parts. It should be recognized, that whether the
sensor 10 using the strain gauge 37 or the Bourdon
tube of which Bourdon tube 78 is representative,
that the sensors of this invention differ from those
previously employed in that they do not measure
the mere volume of expansion or contraction of a
resin bed as it becomes exhausted or is regener-
ated. Instead, the sensors of this invention measure
the pressure of the resin as it is exerted on the
container for the resin in an enclosed volume. This
allows the use of resins with higher quantities of
divinyl benzene than previously used in sensors
(2.6%-4%). the preferred resin will have a divinyl
benzene content of 8% or higher which have lower
rates of degradation under oxidation conditions and
are usually physically stronger than lower cross
linked resins such as those having a divinyl ben-
zene content of 4% or lower. Further, the use of a
strain gauge or a Bourdon tube in place of a
mechanical plunger to sense resin volume obviates
the problems with mechanical plungers in that they
can become inoperative by foreign mafter accu-
mulating along the slide path of the plunger. This
could be caused by foreign material in the sur-
rounding environment or oxidation of the plunger
material and the surrounding guide surfaces. Sen-
sors of the type described herein also eliminate the
utilization of flexible diaphrams commonly em-
ployed with plunger type resin sensing devices.
These can also be sensitive to fatigue to result in
their becoming inoperative after long periods of
use.

Another important feature of this invention is
the fact that the sensors of this invention lend
themselves to various types of resin regeneration
procedures whether initiated electrically, mechani-
cally or hydraulically. While the sensors of this
invention also can be easily controlled by the use
of the microprocessor, this is not necessary as a
simple timing clock could be utilized in conjunction
with an electrical circuit interconnected with the
lead wires 75 and 76 which would cause a regen-
eration circuit to close when the contacts 72 and 74
engage. The sensors could be used with a clock
which would close the circuit by a simple switch.

The sensors of this invention have been illus-
trated for use in connection with an ion exchange
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bed 12 and water softening. As indicated in Fig. 2,
the sensor can be employed in connection with
rinse water sensing as a means of determining
when regeneration of the resin is completed thus
resulting in a saving of rinse water. In this instance
the fon exchange resin is not undergoing a change
in ionic form. Instead the resin when in equilibrium
with high concentrations of sodium chloride brine
will place in the instance of sensor 10 low siress on
cage 28 (resin volume shrinks in the brine). When
a high conceniration of sodium chloride brine is
rinsed out of the cage 28, the resin is in equilibrium
with the surrounding rinse water and this places a
high stress on the cage 28 as the resin would be
fully swollen if not in the cage. This change of
stress is detected by the sfrain gauge 37. If de-
sired, the sensors 60, 80 and 90 could be similarly
employed in the manner previously indicated in
conjunction with rinse water sensing.

The sensors have been particularly described
in conjunction with water softening. They can also
be advantageously employed with a water deioniz-
ing system. When employed in an ion exchange
capacity the resin in the sensor will sense non H*
ions in a cation exchange tank of a 2 bed deioniz-
ing system which in turn causes a reduced stress
for example on the cage 28. The sensor resin can
also sense non OH™ ions in an anion exchange
tank of a 2 bed deionizing system which in turn
causes a change in the stress on the cage 28. In a
manner similar to the before-mentioned water soft-
ening operation, the sensors of this invention are
also operable in connection with the rinse water
sensing in a deionizing system. For example, dur-
ing acid regeneration such as with hydrochloric or
sulfuric acid, the cation resin when in equilibrium
with the acid regenerant exerts a low stress on the
cage 28; when rinsed it exerts high stress. During
regeneration of the anion resin with sodium hydrox-
ide solution, the cage 28 undergoes a change in
stress from low to high as the resin is rinsed. When
the Bourdon tubes 78, 82 or 83 are employed the
same resin pressure conditions would be detected.

The sensors have been described in conjunc-
tion with systems where the sensing has been
conducted on an intermittent basis. The sensors
lend themselves to a continuous sensing system as
well. For example, the sensors 10, 60, 80 or 90
would be connected in line with the sample tube
32. However the sample tube 32, would be con-
nected in a parallel manner with respect to outlet
tube 13 which also would be in fluid communica-
tion with the service valve 17. Thus, whenever
there is a service flow, a sample would flow
through the sensor. When the sensor detects hard
water, a regenerative mode can be signalled imme-
diately or at a preset time as previously indicated
with reference to the various regenerative intiation
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mechanisms.

The Bourdon tubes 78, 82 or 83 have been
illustrated in conjunction with sampling tube 32. If
desired, they, as well as the strain gauge, could be
employed in the foregoing manner and in a sens-
ing cell as represented by sensor 10 which is
connected directly to a source of brine fluid. This is
described in conjunction with Fig. 13. Similar com-
ponents are designated by the same numbers as
described in Fig. 1. The advantages of placing the
sensor 10 in direct communication with brine tank
22 through thres-way valve 62 is described and
illustrated in the aforesaid U.S. Patent 4,385,992
which reference should be made.

The sensing devices have been described for
use outside the softening tank 11 and the resin bed
12. if desired the Bourdon tubes 78, 82 and 83 or
the cage 28 with the resin sample therein could be
placed directly in the resin bed 12 inside the soft-
ening tank 11. This is illustrated in Fig. 12 where
similar components are designated with the same
numbers with respect to Fig. 1. It will be seen that
the sensor as represented by the sensor 10 is in
fluid communication with outlet tube 13. This ar-
rangement would eliminate additional fluid connec-
tion to these sensors. The electrical connections to
the regeneration circuit could be made from the
switches, such as represented by the contacts 72
and 74 or the Hall effect switch (63, 100), also
placed in the tank 11 to the outside thereof by the
connecting wires 75 and 76. (See Fig. 7.) The
strain gauge 37 and cage 28 could be placed in
the resin bed 17 in a like manner.

The Bourdon tube embodiments 78, 82 and 83
lend themselves more readily for use with the
deionizing system. This is due to their fabrication
including the materials from which they are manu-
factured. They are more tolerant of acid and caus-
tic conditions. However the cage 28 could also be
advantageously utilized in this system with the se-
lection of proper materials and fabrication tech-
niques.

The sensors of this invention also offer the
advantage of equalizing water pressure differentials
inside and outside of the receptable means for the
resin. With respect to the cage 28 or the Bourdon
tubes 78, 82 and 83, it is seen that they are
enclosed in fluid compartmentis 31 or 86. This
allows for the inlet water pressure to equalize with
the water pressure inside the cage or the Bourdon
tubes and thereby eliminate it as a pressure factor
to be considered in determining resin pressure. In
the instance of the cage 28 and the Bourdon tubes
82 and 83 the screening or the slots 84 will also
allow for free flow of water in and out of the cage
or the tubes. In the case of the Bourdon tube 78
which is not completely slotted, the pressure com-
pensating is effected by the force of inlet water on
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the outside of the tube which will approximately
equal that on the inside caused by the back pres-
sure of orifice 65.

In the foregoing description the term "resin”
pressure has been employed. This term means the
force that the resin beads or particles place on the
receptable cage 28 or Bourdon tubes 78, 82 and
83 by directly impinging thereon. Resin pressure
changes as the ionic state of the resin changes. It
will be appreciated that the smaller the resin par-
ticles the more closely the resin pressure simulates
fluid pressure.

The Bourdon tubes 78, 82 and 83 have been
preferably illustrated as in an arcurate configura-
tion. If desired they could be of other well known
geometric configurations such as a spiral or cir-
cular form.

Claims

1. A pressure sensor device (10, 60, 80, 90) to
sense a change in the condition of a resin (45)
comprising:

receptacle means (28, 78, 82, 83) io con-
fine a quantity of the resin in an enclosed
volume so that any aftempted expansion in
volume of said resin is restrained in all direc-
tions;

a compartment (30, 61) for liquid with said
receptacle means operatively positioned there-
in such that said receptacle means is under
the influence of the pressure of said liquid in
said compartment;

the receptacle being such that the liquid in
said compartment can act on the resin in said
receptacle; and

a pressure sensor (37; 67, 72, 74; 63, 100}
operatively associated with said recepiacle
means for exposure to the pressure of the
resin within said receptacle means o sense a
change of condition vayrying in accordance
with a force on the recepiacle means caused
by a change of condition by the resin.

2. An automatic sensor for a fluid treatment de-
vice comprising in combination;

a fluid treatment container (11) for receiv-
ing a fluid;

a first quantity of regenerable ion ex-
change resin (12) contained in said container
for contact with said fluid for changing a con-
dition of said fluid;

a second quantity of regenerable ion ex-
change resin (45) in fluid communication with
said first quantity of ion exchange resin;

receptacle means (28, 78, 82, 83) to con-
fine said second quantity of ion exchange resin

10

15

20

25

30

35

40

45

50

55

14

in an enclosed volume so that any attempted
expansion in volume of said resin is restrained
in all directions and the fluid is free to act
inside as well as ouiside said receptacle
means; and

pressure sensor means (37; 67, 72, 74,
63, 100) operatively associated with said re-
ceptacle means to provide a mechanical or
electrical effect varying in accordance with the
resin pressure acting on the receptacle means
to effect a force caused by a change of con-
dition by the resin.

An automatic sensor as claimed in Claim 2 and
comprising:

a fluid compartment for said fluid with said
receptacle means operatively positioned there-
in, said receptacle means being placed under
the influence of the pressure of said fluid in
said fluid compartment; and

wherein said pressure sensor means (37,
67, 72, 74; 63, 100) provides a mechanical or
electrical effect varying in accordance with the
ion exhange resin pressure.

The automatic sensor as defined in claim 2
wherein said pressure sensor means is defined
by a strain gauge (37).

The automatic sensor as defined in claim 4
wherein said receptacle means is defined by a
container (28) composed of slotted (88) or
screened walls and substantially rigid ribs (41).

The automatic sensor as defined in claim 4
further " including circuit means (Fig. 6) con-
nected to said pressure sensor, said circuit
means beng interconnected to means to trig-
ger an output for regenerating said ion ex-
change resin in said fluid treatment container
and said receptable means when said pressure
sensor registers a predetermined state of con-
dition of said fluid.

The automatic sensor as defined in claim 2
wherein said pressure sensor means and said
receptacle means is a multiapertured Bourdon
tube (82).

The automatic sensor as defined in claim 7
wherein said Bourdon iube is connected to an
arm member (67) for engagement with a
switch (72, 74).

The automatic sensor as defined in claim 2
wherein said pressure sensor is located out-
side of said fluid treatment container and is
connected thereto by a liquid carrying conduit
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(32).

10. The automatic sensor as defined in claim 2

wherein said pressure sensor is located inside
the fluid treatment container (Fig. 12).

Revendications

Dispositif de détection de pression (10,
60,80,90) pour détecter un changement de
I'état d'une résine (45), comprenant :

un réceptacle (28,78,82,83) pour confiner
une certaine quantité de la résine dans un
volume fermé de sorte que toute tendance a
l'augmentation de volume de ladite résine est
empéchée dans foutes les directions;

un compartiment (30,61) pour le liquide,
dans lequel est fonctionnellement placé ledit
réceptacie de sorte que ledit réceptacle est
sous l'influence de la pression dudit liquide
dans ledit compartiment ;

le réceptacle étant tel que le liquide dans
ledit compartiment peut agir sur la résine dans
le dit réceptacle ; et

un capteur de pression
(37,67,72,74,63,100) fonctionnellement associé
audit réceptacle pour exposition & la pression
de la résine contenue dans ledit réceptacle
afin de détecter un changement d'état, variant
comme une force exercée sur le réceptacle
par la résine du fait d'un changement d'état.

Détecteur automatique pour un dispositif de
traitement de fluide, comprenant en combinai-
son :

une cuve de traitement de fluide (11) pour
recevoir un fluide ;

une premiére quantité de résine échangeu-
se d'ions régénérable (12) contenue dans ladi-
te cuve de maniere & Eétre en contact avec
ledit fluide pour changer un état dudit fluide ;

une deuxiéme quantité de résine échan-
geuse d'ions régénérable (45) en communica-
tion de fluide avec ladite premiére quantité de
résine échangeuse d'ions ;

un réceptacle (28,78,82,83) pour confiner
la dite deuxidme quantité de résine échangeu-
se d'ions dans un espace fermé de sorte que
toute tendance a l'augmentation de volume de
ladite résine est empéchée dans toutes les
directions et que le fluide agit librement 2
I'intérieur comme a l"extérieur dudit réceptacle
; et

un capteur de pression
(37;67,72,74;63,100) fonctionneilement associé
audit réceptacle pour fournir un effet mécani-
que ou électrique qui varie en fonction de la
pression de résine agissant sur le récepta-
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cle,par la résine qui engendre une force due 2
un changement d'état de la résine.

Détecteur automatique suivant la revendication
2, comprenant :

un compartiment de fluide pour le dit flui-
de, dans leque! est fonctionnellement placé
ledit réceptacle, ledit récepiacle étant exposé
3 linfluence de la pression dudit fluide dans
ledit compartiment de fluide ; et

dans lequel ledit capteur de pression
(37,67, 72,74;63,100) produit un effet mécani-
que ou é€lectrique qui varie en fonction de la
pression de la résine échangeuse d'ions.

Détecteur automatique suivant la revendication
2, dans lequel ledit capteur de pression est
défini par une jauge de contrainte (37).

Détecteur automatique suivant la revendication
4, dans lequel ledit réceptacle est défini par
une capacité (28) composée de parois 2 fentes
(88) ou grillagées et de nervures sensiblement
rigides (41).

Détecteur automatique suivant la revendication
4, comprenant en outre un circuit (figure 6)
connecié audit capteur de pression, ledit cir-
cuit étant interconnecté a4 des moyens de dé-
clenchement d'une sortie pour la régénération
de ladite résine échangeuse d'icns contenue
dans ladite cuve de traitement de fluide et ledit
réceptacle lorsque ledit capteur de pression
constate un état prédéterminé de traitement du
dit fluide.

Détecteur automatique suivant la revendication
2, dans lequel ledit capteur de pression et ledit
réceptacle sont constitués par un tube de
Bourdon & perforations muitiples (82).

Détecteur automatique suivant la revendication
7, dans lequel ledit tube de Bourdon est relié &
un bras (67) pour attaque d'un contact (72,74).

Détecteur automatique suivant la revendication
2, dans lequel ledit capteur de pression est
situé a l'extérieur de ladite cuve de fraitement
de fluide et est relié & ceile-ci par une tuyaute-
rie de liquide (32).

Détecteur automatique suivant la revendication
2, dans lequel ledit capteur de pression est
placé a l'intérieur de la cuve de traitement de
fluide {figure 12).

Anspriiche
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Druckgeber (10, 60, 80, 20) zum Erfassen ei-
ner Ver&nderung des Zustandes eines Harzes
(45) mit

Behéltermitteln (28, 78, 82, 83) zum Ein-
schlieBen einer Menge des Harzes in einem
eingeschlossenen Volumen, so daB jeder Ver-
such des Harzes zum Ausdehnen seines Volu-
mens in allen Richtungen verhindert wird;

einer Aufnahmekammer (30, 61), fur Flis-
sigkeit, in der die Behiltermittel funktionsfihig
derart angeordnet sind, daB die Behdltermitiel
dem Einfluf des Druckes der Flissigkeit in der
Aufnahmekammer ausgesetzt sind;

wobei der Behdlier derart ist, daB die Flis-
sigkeit in der Kammer auf das Harz in dem
Behélter sinwirken kann; und

einem Drucksensor (37; 67, 72, 74; 63,
100), der den Behiltermitteln funktionell derart
zugeordnet ist, daB er dem Druck des Harzes
in den Behiltermitteln ausgesetzt ist und eine
Verdnderung eines Zustandes erfaBt, der sich
entsprechend einer auf die Behiitermittel wir-
kenden Kraft Zndert, die durch eine Zustands-
verdnderung des Harzes verursacht wird.

Automatischer Sensor flir eine Fluidbehand-
lungsvorrichtung, der in Kombination besitzt:

einen Fluidbehandlungsbehélter (11) zur
Aufnahme eines Fluids;

eine erste Menge eines regenerierbaren
lonenaustauschharzes (12), das in dem Behil-
ter enthalten und zum Ver&ndern eines Zustan-
des des Fluids mit diesem kontaktierbar ist;

eine zweite Menge eines regenerierbaren
lonentauschharzes (45), die mit der ersten
Menge eines lonenaustauschharzes in Fluid-
verbindung steht;

Behiltermittel (26, 78, 82, 83) zum Ein-
schlieBen der zweiten Menge eines lonenaus-
tauschharzes in einem eingeschlossenen Volu-
men derart, daB jeder Versuch dieses Harzes
zum Ausdehnen seines Volumens in allen
Richtungen verhindert wird und daB das Fluid
frei ist, im Innern und auBerhalb der Behilter-
mittel zu wirken; und

Drucksensormittel (37; 67, 72, 74, 63,
100), die den Behdltermitteln derart funktionell
zugeordnet sind, daB sie eine mechanische
oder elektrische Wirkung erzeugen, die sich in
AbhZngigkeit von dem auf die Beh3ltermitiel
einwirkenden Harzdruck &ndert, der eine Kraft
ausiibt, die durch eine Verdnderung des Zu-
standes des Harzes verursacht wird.

Automatischer Sensor nach Anspruch 2 mit
giner Fluidkammer flir das Fluid, in der die

Behiltermittel funktionsfdhig angeordnet sind,

wobei die Behaltermittel unter dem Einfluf des
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Druckes des Fluids in der Fluidkammer stehen;
und

wobei die Drucksensormittel (37, 67, 72,
74; 63, 100) eine mechanische oder elekirische
Wirkung erzeugen, die sich in AbhZngigkeit
von dem Druck des lonenaustauschharzes an-
dert.

Automatischer Sensor nach Anspruch 2, da-
durch gekennzeichnet, daB die Drucksensor-
mittel von einem Dehnungsmesser (37) gebil-
det werden.

Automatischer Sensor nach Anspruch 4, da-
durch gekennzeichnet, daB die Behéltermittel
von einem Behilter (28) gebildet werden, der
aus geschlitzten (68) oder siebartigen Wénden
und im wesentlichen starren Rippen (41) be-
steht.

Automatischer Sensor nach Anspruch 4 mit
einer Schaltungsanordnung (Figur 6), die mit
dem Drucksensor verbunden ist und die mit
Mittein verbunden ist, die dazu dienen, einen
Ausgang zum Regenerieren des lonenaus-
tauschharzes in dem Fluidbehandlungsbehélter
und den Behéltermitieln zu triggern, wenn der
Drucksensor einen vorherbestimmten Zustand
des Fluids erfaft.

Automatischer Sensor nach Anspruch 2, da-
durch gekennzeichnet, daB die Drucksensor-
mittel und die Behiltermittel aus einem Bour-
donrohr (82) mit einer Mehrzahl von Offnungen
bestehen.

Automatischer Sensor nach Anspruch 7, da-
durch gekennzeichnet, da das Bourdonrohr
mit einem Armgleid (67) zum Angriff an einem
Schalter (72, 74) verbunden ist.

Automatischer Sensor nach Anspruch 2, da-
durch gekennzeichnet, da der Drucksensor
auferhalb des Fiuidbehandlungsbehilters an-
geordnet und mit ihm durch eine flUssigkeit-
fihrende Leitung (32) verbunden ist.

Automatischer Sensor nach Anspruch 2, da-
durch gekennzeichnet, daB der Drucksensor im
Innern des Fluidbehandiungsbehiliers ange-
ordnet ist (Figur 12).
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